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(57) A digital transmission system capable of a 
hierarchical transmission in an quadrature fre- 
quency multiplex modulation, a modulating ap- 
paratus and a demodulating apparatus therefor 
ar provided. The hierarchical information trans- 
mission system includes, means for construct- 
ing a frame comprised of a plurality of symbols 
in an quadrature frequency multiplex signal 
transmission system that transmits a plurality of 
hierarchical information data using a modu- 
lation form with respectively different C/N ratios 
as required, means for performing the interleav- 
ings in both of the time and frequency domains, 
between the data using respective modulation 
forms within the frame, and means for making 
the respective modulation forms to associate 
with respective predetermined carriers. 
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The present invention relates to a digital trans- 
mission system capable of a hierarchical transmis- 
sion in an quadrature frequency multiplex modula- 
tion, a modulating apparatus and a demodulating ap- 
paratus therefor. 

An quadrature frequency multiplex signal trans- 
mission system, which is generally called to as OFDM 
(Quadrature Frequency Division Multiplex) modula- 
tion or COFDM (Coded OFDM: "Coded" means chan- 
nel coding for error correction) modulation, is one of 
digital modulation techniques which is planed to be 
adopted to digital audio broadcasting (referred to as 
DAB) by the ITU-R (ex-CCIR) in near future. The de- 
tail of this technique is described in the contribution 
document (TG11/3) issued from ITU-Rand Report of 
the Television Society, Vol. 17, No.54, pp.7-12, BCS 
93-33 (Sep. 1993). These prior arts will be discussed 
in the scope relevant to the present invention. 

Since one symbol of OFDM is composed of car- 
riers of several hundreds through several thousands, 
it is possible to carry out interleavings in both of the 
time and frequency domains of the symbol. Because 
no continuous data lacks from data by previously ap- 
plying interleavings even when a reception had failed 
for a length of time interval, the possibility of restoring 
data is heightened through an error correction proc- 
essing at a receiver section. Similarly the possibility 
of restoring data through the error correction process- 
ing at the receiver section can be also enhanced, 
since, even if carriers overa certain range of frequen- 
cy had been failed by selective fadings due to a mul- 
tipath, etc., the interleaving can restore the continu- 
ous lack of data. The length of time interval of the 
frame is defined in depending on transmission con- 
ditions of the frame, so as that a required depth of in- 
terleaving should be obtained. 

There are some examples in the OFDM transmis- 
sion system as proposed by the DAB, which employ 
such interleavings in both of the time and frequency 
domains in consideration of the poor receiving condi- 
tions in the mobile radio communication. This means 
that the frame consisting of several hundred symbols 
is altered the arrangement of the symbols in conform- 
ity with a prescribed rule. 

As shown in FIGURE 1 a frame comprised of 300 
symbols and 148 carriers is constructed in time and 
frequency directions respectively. The first symbol is 
a null symbol (zero magnitude for all the carriers) to 
be used for synchronizing operations in the receiver 
section and the second symbol is an equalization ref- 
erence symbol for removing multipath signals. Then 
comes a symbol comprised of fixed data for control- 
ling signal transmission parameters, followed by in- 
formation data (i.e., symbols of effective data). These 
interleavings are carried out using a RAM (Random 
Access Memory) associated to this frame provided at 
the transmitter section, where a writ-in operation is 
made in a prescribed sequential order, then a read- 



out operation in a sequence different from that for 
writing. The figure represents an instance where plu- 
ral audio channels (33 channels) are transferred si- 
multaneously with effective data period divided into 

5 equal 33 parts. It goes similarly with non-multiplex 
signal transmission. 

FIGURES 2 and 3 respectively show block dia- 
grams of a transmitter and a receiver both associated 
with the above-mentioned conventional transmission 

10 system. 

In FIGURE 2, a 2-bits information data input into 
an input terminal 1 is transformed by a constellation 
mapper 2 into a four-phase QPSK constellation sig- 
nal. The constellation in this context means a repre- 
ss sentation, in a complex vector plane, of the in-phase 
axis component and quadrature axis one in an quad- 
rature modulation. In case of QPSK, the constellation 
has concentrically arranged four symbols with equi- 
distant intervals therebetween, as shown in FIGURE 

20 1 5. These constellation signals are collected as many 
as one frame as shown in FIGURE 1 to be written into 
an interleaver 3 comprised of memories. For simpli- 
city of explanations, the symbol in the constellation 
signal in each OFDM carrier will be referred to as 

25 "modulation symbol of each carrier" , while the sym- 
bol in the OFDM signals, i.e., the symbol in all the car- 
riers will be referred to as "OFDM modulation symbol" 
or simply referred to as "symbol". That is, one element 
in the two-dimensional plane, as shown in FIGURE 1 , 

30 is the modulation symbol of each carrier, while the re- 
spective columns correspond to the OFDM modula- 
tion symbols. The coherent symbols (null and equal- 
ization reference symbols) are inserted into the inter- 
leaver 3 from where they are read out in conformity 

35 with a specific rule. The interleaved outputs are dif- 
ferentially encoded by a differential encoder 4. The 
differential encoding is a method for transmitting in- 
formation by a phase difference between two con- 
secutive symbols, thus characterized in that it needs 

40 no absolute reference signal. Provided this differen- 
tial encoding should be performed for each carrier in 
the OFDM transmission. That is, processing is to be 
made in such a manner that the differential encoding 
is carried out for two consecutive symbols along the 

45 column direction, as shown in FIGURE 1. DAB has 
proposed mainly this sort of differential encoding. 
Then the differentially encoded output is transformed 
from a frequency domain into a time domain for every 
modulation symbol in an inverse FFT circuit 5. The re- 

50 spective columns, as shown in FIGURE 1, are output 
as time domain waveform fora certain period of time. 
Note that this output is in general a complex signal. 
After a guard symbol period for preventing the inter- 
symbol interference by multipath (for detail refer to 

55 the bibliography) being inserted at a guard symbol in- 
serter 6, the complex signal in this time domain is con- 
verted into an analog waveform by digital-analog con- 
verters 7a and 7b, followed by being frequency con- 
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verted by the quadrature modulator after being band- 
limited at LPFs 8a and 8b. The quadrature modulator 
comprises mixers 10 and 11, a 90° phase shifter 12, 
a local oscillator 13 and a mixer 14. Taking the com- 
plex signals output from the inverse FFT circuit 5 as 
in-phase axis component I signal and quadrature axis 
component Q signal, this modulator synthetically 
modulates them by local oscillator output with zero 
phase and that with ninety degree phase. The output 
of the quadrature modulator being an intermediate 
frequency signal (referred to as IF signal), it is band 
limited by a BPF 15 such as a SAW filter, amplified 
at an amplifier 16 and then frequency converted in 
the section comprised of a mixer 17 and a local oscil- 
lator 18 to be output as a radio frequency signal (re- 
ferred to as BF signal). 

Referring now to FIGURE 3 a block diagram of 
the receiver associated with the above-mentioned 
transmission system will be explained hereinafter. 

The RF signal input into an input terminal 31 is 
band limited at a BPF 32. Desired signal is then se- 
lected at a channel tuner comprised of a mixer 34 and 
a variable local oscillator 35 through an amplifier 33 
is band limited at the BPF 32. After further being band 
limited by a BPF 37 such as a SAW filter, the signal 
passes through a variable gain amplifier 38 and is de- 
tected at an quadrature detector comprised of mixers 
39 and 40, a 90° phase shifter 41 and a variable local 
oscillator 53. This output is equivalent to the I and Q 
signals at the transmitter section. After being band 
limited at LPFs 42 and 43, these signals are digitized 
respectively at analog-digital converters 44 and 45 to 
be converted into complex digital signals. The digital 
signals are distributed, and one of the distributed sig- 
nals is fed to an envelope detector 46 to be used as 
a control signal foran automatic gain control (referred 
to as AGC) amplification. Another distributed signal is 
fed to an FFT circuit 1 9 through guard symbol remov- 
ers 49 and 50, and for each symbol of the signal in the 
time domain is transformed into the signal of frequen- 
cy domain (symbol associated to each column in FIG- 
URE 1 . Further, the complex digital symbol as distrib- 
uted is fed to a sync, signal extractor 47 to detect the 
symbol and frame synchronization using the null sym- 
bol and other reference symbols. The detected output 
is input into a timing generator 48 to recover clock and 
timing signals required for respective signal proces- 
sors. 

After the guard period symbol is removed at 
guard symbol removers 129 and 130, the signal proc- 
essed by the FFT circuit is decomposed into modula- 
tion symbols for respective carriers, and then equal- 
ized for each carrier at an equalizer 55 and an equal- 
ization reference symbol detector 56. Further, a dif- 
ferential detector 57 detects phase difference infor- 
mation (most of DAB proposed method not needing in 
general this equalization according to the QPSK dif- 
ferential detection, it is referred to here to clearly dif- 



ferentiate it from the present invention). As stated 
above, the information is transferred only by the con- 
stellation phase difference in the differentially encod- 
ed QPSK modulation, the phase difference is detect- 

5 ed here. As a general rule the differential detector 57 
is made of a simple differential detector. Next, the dif- 
ferential detection output is restored into the initial 
frame construction by a deinter leaver 58 that carries 
out the processings inverse to the interleavings at the 

10 transmitter section. Furthermore the modulation 
symbols for respective carriers are demodulated into 
two-bit data at a constellation demapper 59 which in- 
vrsely performs the constellation conversion proc- 
essed at the transmitter section. 

15 The recent general trend is toward the digital 

broadcasting not only the sound but also TV signal, 
which has led to some proposals for using the OFDM 
also in the digital TV broadcasting. On the other hand 
since the digital TV broadcasting requires a higher 

20 transmission capacity than the DAB, a modulation 
form is customarily used with higher transmission ef- 
ficiency. What is problematic in this system is that the 
modulation with higher transmission efficiency re- 
quires in general better transmission conditions, 

25 namely better receiving C/N ratio (carrier to noise ra- 
tio). In the DAB, for example, a quadrature phase 
shift keying (referred to as QPSK) is used a modula- 
tion form to modulate the respective carriers of the 
OFDM. The digital TV broadcasting has also pro- 

30 posed a 16-quadrature amplitude modulation (refer- 
red to as 16QAM) and a 64-quadrature amplitude 
modulation (referred to as 64QAM) in addition to the 
QPSK. It should be noted here that in any multi-val- 
ued modulation form the more the multi-valued level 

35 number, the required C/N ratio increases more there- 
by reducing the service area. Moreover it is one of the 
characteristics of the digital broadcasting that even a 
trifling geographical difference may cause worse re- 
ceiving conditions. In some cases the reception might 

40 be absolutely impossible. To overcome such a situa- 
tion proposed has been a concept called "graceful 
degradation." This concept consists in a hierarchical 
demodulation of such information only as can be re- 
ceived in terms of the receiving conditions of the re- 

45 ceiver. 

The modulation form that can be used in the 
OFDM transmission is (multi-valued) quadrature 
modulation and one similar thereto, namely a QPSK 
(equivalent to 4QAM), an N-QAM or an N-phase PSK 

50 (N: integer 2 or higher). Provided the PSK larger than 
the 16-phase level is not generally used due to its re- 
quired C/N ratio that is higher than the 1 6QAM. By the 
way the QAMs other than 2QAM and 4QAM (2QAM 
and 4QAM are equivalent to the 2-phase PSK and the 

55 QPSK) is restrained in that it is difficult to differential- 
ly encode due to the characteristic of its constellation 
and that it should be demodulated through the coher- 
ent detection. 
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As has so far been discussed, the DAB transmis- 
sion system known as a prior art performs a modula- 
tion presupposing such differential encoding as the 
QPSK. In consideration of the digital TV broadcast- 
ing, however, it falls short of the transmission capaci- 
ty in its modulation form with lower multi-valued level 
such as the QPSKthatenables the differential encod- 
ing. In consequence therefore it is compelled to utilize 
such higher multi-valued modulation as is difficult to 
differentially encode. 

Even such a hierarchical transmission as the 
graceful degradation using a modulation form with 
higher multi-valued levels only or using simultaneous- 
ly plural modulation forms with different C/N ratios re- 
quired in such a multicarrier transmission as the 
OFDM signifies nothing unless a stable demodulat- 
ion operation is systematically guaranteed under poor 
receiving conditions. The prior art made no contri- 
vance to stabilize the receiving operation as a trans- 
mission system except the utilization of the null sym- 
bols. 

It is, therefore, an object of the present invention 
to provide a transmission system, a transmitter and 
a receiver therefor as can realize a stable demodula- 
tion in the hierarchical OFDM transmission even un- 
der poor receiving conditions. 

Another object of the present invention is to pro- 
vide such a transmission system, a transmitter and a 
receiver therefor as can demodulate stably the infor- 
mation at least from lower hierarchical layers. 

In order to achieve the above object, a hierarchi- 
cal information transmission system according to one 
aspect of the present invention includes, means for 
constructing a frame comprised of a plurality of sym- 
bols in an quadrature frequency multiplex signal 
transmission system that transmits a plurality of hier- 
archical information data using a modulation form 
with respectively different C/N ratios as required, 
means for performing the interleavings in both of the 
time and frequency domains, between the data using 
respective modulation forms within the frame, and 
means for making the respective modulation forms to 
associate with respective predetermined carriers. 

Furthermore the transmission system according 
to another aspect of the present invention includes 
means for constituting a frame comprised of a plural- 
ity of symbols, means for performing interleavings in 
both of the time and frequency domains among the 
data using respective modulation forms within the 
frame, means for differentially encoding at least a 
part of the modulation forms, and means for making 
respective modulation forms to associate with re- 
spectively predetermined carriers. 

According to another aspect of the present inven- 
tion a transmitter includes means for forming modu- 
lated signals, mens for making the plurality of hier- 
archical information data to associate with modula- 
tion forms of respectively different C/N ratios as re- 



quired, means for performing the interleavings in both 
of the time and frequency domains among the mod- 
ulation signals in different modulation forms within a 
frame comprised of a plurality of symbols, and means 

5 carrying out an inverse Fourier transform every sym- 
bol by making respective modulation forms to asso- 
ciate with respective predetermined carriers. 

Furthermore a transmitter according to another 
aspect of the present invention includes means for in- 
fo terleaving both in the time and frequency domains 
among the symbols in respective modulation forms 
within a frame comprised of a plurality of symbols, 
means for differentially encoding at least a part of the 
modulation forms, and means carrying out an inverse 

15 Fourier transform for every symbol by making respec- 
tive modulation forms to associate with respective 
predetermined carriers. 

According to anotheraspect of the present inven- 
tion a receiver includes means for carrying out a Four- 

20 ier transform for every symbol, means for recovering 
carriers using the Fourier transform output of specific 
carriers allocated to the lowest hierarchy of a plurality 
of modulation forms, means for coherently detecting 
signals of all the modulation forms using the recov- 

25 ered carriers, means for reconstructing a frame com- 
prised of a plurality of symbols, means for carrying 
out deinterleavings in both of the time and frequency 
domains among the signals in respective modulation 
forms within the frame, and means for recovering a 

30 plurality of hierarchical information data from the 
modulation forms with respectively different C/N ra- 
tios as required. 

Furthermore a receiver according to another as- 
pect of the present invention includes means for car- 

35 rying out a Fourier transform for every symbol, means 
for recovering carriers using the lowest hierarchy of a 
plurality of modulation forms allocated to a specific 
carrier, means for coherently detecting other modula- 
tion forms using the recovered carriers, means forde- 

40 modulating the lowest hierarchy of modulation form 
by a differential detection, means for reconstructing 
a frame comprised of a plurality of symbols, means 
for performing deinterleavings in both of the time and 
frequency domains among the signals in respective 

45 modulation forms within the frame, and means for re- 
covering the plurality of hierarchical information data 
from the modulation forms of respective different C/N 
ratios as required depending to transmission condi- 
tions. 

50 In the quadrature frequency multiplex signal 

transmission system, by using the foregoing means, 
the plurality of hierarchical information data using the 
modulation forms with respectively different C/N ra- 
tios as required, the frame comprised of a plurality of 

55 symbols is constructed wherein the interleavings are 
performed in both of the time and the frequency do- 
mains among the data using their respective modula- 
tion forms. The respective modulation forms are as- 
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sociated to the respective predetermined carriers. 
Thus in the receiver section carriers for use in the co- 
herent detection can be recovered only by the lower 
hierarchical modulation forms, thereby extremely sta- 
bilizing the operation of the receiver even under poor 
receiving conditions. 

Further the differential encoding of at least in a 
part of the modulation forms allows to demodulate 
with ease the corresponding (lower hierarchical) in- 
formation data at the receiver section without employ- 
ing any coherent detection processing. Therefore the 
operation can be performed in such a manner that at 
least a part of the information data is demodulated de- 
spite such extremely unfavorable receiving condi- 
tions as makes it difficult to recover the carrier re- 
quired for the coherent detection. 

According to the transmitter having the above- 
mentioned means, modulation signals are produced 
using the aforesaid means by making the plurality of 
hierarchical information data to be associated to the 
respective modulation forms with different C/N ratios 
as required, with interleavings performed in both of 
the time and frequency domains among the signals of 
respective modulation forms within the frame com- 
prised of a plurality of symbols. Thereafter the inverse 
Fourier transform produces an actual transformed 
wave, and then the respective modulation forms are 
allocated to the respective predetermined carriers for 
every symbol. 

Further the operation is afforded so that at least 
a part of the modulation forms can be differentially 
encoded. 

According to the receiver, after the Fourier trans- 
form has been performed on every symbol by the 
foregoing means, a carrier recovery is attained using 
the Fourier transform output of the specific carrier al- 
located to the lowest hierarchy of the modulation form 
among the plurality of modulation forms. Using this 
recovered carrier enables to coherently detect the 
signals under any of or all the modulation forms. De- 
interleavings are performed in both of the time and 
frequency domains among the signals in respective 
modulation forms within the frame with the plurality of 
hierarchical information data recovered from the 
modulation forms with respectively different C/N ra- 
tios as required. Furthermore the operation is afford- 
ed so that the lowest hierarchical modulation form can 
be demodulated by the differential detection. 

Additional objects and advantages of the present 
invention will be apparent to persons skilled in the art 
from a study of the following description and the ac- 
companying drawings, which are hereby incorporated 
in and constitute a part of this specification. 

For a better understandings of the present inven- 
tion and many of the attendant advantages thereof, 
reference will now be made by way of example to the 
accompanying drawings, wherein: 

FIGURE 1 is a diagram for explaining a conven- 



tional hierarchical OFDM transmission frame; 
FIGURE 2 is a block diagram showing a conven- 
tional OFDM transmitter; 

FIGURE 3 a block diagram showing a conven- 

5 tional OFDM receiver; 

FIGURE 4 is a diagram for explaining the hier- 
archical OFDM transmission frame in an embodi- 
ment according to the present invention; 
FIGURE 5 is an exemplary hierarchical construc- 

10 tion priortoan interleavins, according to the pres- 

ent invention; 

FIGURS 6 is an exemplary hierarchical construc- 
tion after an interleaving, according to the pres- 
ent invention; 

15 FIGURE 7 is another exemplary hierarchical con- 

struction after an interleaving, according to the 
present invention; 

FIGURE 8 is a block diagram showing an embodi- 
ment of the OFDM transmitter according to the 

20 present invention; 

FIGURE 9 represents a block diagram showing 
another embodiment of the OFDM transmitter 
according to the present invention; 
FIGURE 1 0 is a block diagram for illustrating the 

25 details of the transmission signal processors of 

FIGURES 8 and 9; 

FIGURE 11 is a block diagram showing an em- 
bodiment of the OFDM receiver according to the 
present invention; 
30 FIGURE 12 is a block diagram for illustrating the 

details of the receiving demodulation section of 
FIGURE 11; 

FIGURE 13 is a block diagram showing another 
embodiment of the OFDM receiver according to 
35 the present invention; 

FIGURE 14 is a block diagram for illustrating the 
details of the receiving demodulation section of 
FIGURE 13; 

FIGURE 15 is an explanatory drawing illustrating 
40 the QPSK constellation; and 

FIGURE 16 illustrates examples of the constella- 
tion under other modulation forms; 
Referring now to the drawings FIGURES 4 
through 16, some embodiments of the present inven- 
45 tion will be explained hereinafter. 

FIGURE 4 represents an embodiment transmis- 
sion system according to the present invention, where 
a transmission frame construction corresponds to 
that in the conventional one, as shown in FIGURE 1. 
50 In a two-dimensional arrangement, as shown in 

FIGURE 4. the row direction represents the frequen- 
cy axis direction (i.e., OFDM carrier number), while 
the column direction represents the time axis direc- 
tion (i.e., OFDM modulation symbol number). What 
55 follows elicit the differences from the conventional 
system. 

The carriers with the numbers 1 through n1 and 
N-n2 through N, located on both ends of the channel, 
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are used as guard bands, but not used for effective 
data. The carrier with the number n1 +1 is allocated for 
the lowest hierarchical information data among the hi- 
erarchically constructed information data. This exam- 
ple also illustrates that the intermediate hierarchical 
information data and the highest hierarchical (upper- 
most hierarchical) information data have been as- 
signed to n1+2 carrier and a n1+3 carrier, respective- 
ly. Similarly and repeatedly the carriers and hierarch- 
ical information are made to associate with each other 
in the sequential order of the lowermost hierarchy, the 
intermediate hierarchy, the uppermost hierarchy and 
so on. 

The embodiment, as shown in FIGURE 4, shows 
a QPSK as the modulation form in the lowermost hi- 
erarchy, a 16QAM as that in the intermediate hierar- 
chy, and lastly a 64QAM as that of the uppermost hi- 
erarchy. In the time axis direction a first symbol is tak- 
en as a null symbol for use of synchronization as in 
the conventional cases, while a second symbol is tak- 
en as an equalization reference symbol. A third sym- 
bol and subsequent are information symbols. 

Establishing associations between the respec- 
tive carriers and the hierarchical layers with such a 
frame construction allows a receiver section to know 
beforehand which carrier has been modulated in 
which modulation form, which not merely facilitates 
the extraction of information of respective hierarchi- 
cal layers but gives the following effects. 

A multi-valued modulation form, if used, when 
conducting a demodulation on the receiver section 
presupposes a coherent detection. Here, it is known 
that the higher the multi-valued level raised, the more 
a carrier recovery required for coherent detection be- 
comes complicated, and also the more it becomes dif- 
ficult to process in particular under unfavorable re- 
ceiving conditions (for example, a low C/N ratio con- 
dition, a heavy fading condition, etc.). The transmis- 
sion frame construction and establishment of the re- 
lationships between the respective carriers and the 
layers in the hierarchical construction according to 
the present invention however make it possible to re- 
cover carriers by selecting a modulation form with a 
lower multi-valued level already known in the receiv- 
er. In consequence the coherent detection can be 
performed with ease even under poor receiving con- 
ditions. 

Although the embodiment of the hierarchical ar- 
rangement, as shown in FIGURE 4, illustrates the al- 
location sequence to each carrier such as the lower- 
most, the intermediate and the uppermost hierarchi- 
cal layers and so on, the present invention should not 
be limited to the embodiment. 

The embodiment of the hierarchical arrange- 
ment, as shown in FIGURE 4, employs a QPSK, a 
1 6QAM and a 64QAM as the modulation forms in the 
lowest, the intermediate and the highest hierarchical 
layers, respectively. This embodiment gives a case 



where required C/N ratios in respective modulation 
forms are stepped by about 7 dB. Too little difference 
between the required C/N in these modulation forms 
annihilates the merits of the hierarchical transmis- 

5 sion, while too large a difference makes it impossible 
to demodulate higher hierarchical layers of informa- 
tion at numerous receiving locations. The difference 
of 7 dB between required C/N ratios, if simply con- 
verted into transmission distance equals about 2.2 

10 times, which is a suitable value to make use of the 
characteristics of the hierarchical transmission. Atthe 
same time these modulation forms, if combined, give 
about 24 Mbps as an overall transmission bit rate in 
a 6 MHz channel. Even in consideration of the guard 

15 band and the like factors, 20 Mbps can be ensured to 
transmit the required transmission capacity (approx- 
imately 18 Mbps) of the candidates in the U.S. ATV 
system. The value of the bit rate is therefore of the ap- 
propriate level from this viewpoint. It should be noted 

20 however that this combination does not limit the 
scope of the present invention. 

Now a more concrete example of the interleav- 
ings in the present transmission system will be descri- 
bed hereinafter. Basically a specific modulation form 

25 has been allotted to each carrier, where the interleav- 
ings are performed in both of the time and frequency 
domains between respective modulation forms (i.e., 
the respective hierarchical information data). These 
interleavings heighten the endurance against varia- 

30 tions in a frequency selective fading and a temporal 
transmission characteristic. 

FIGURE 5 shows an exemplary hierarchical con- 
struction not yet processed any interleaving. When 
any number of hierarchical layers be transmitted, cor- 

35 responding number of Interleavings are carried out on 
the number of transmitting hierarchical layers. In FIG- 
URE 5, information data are respectively written into 
memories along the frequency direction (row direc- 
tion) in a sequential order, thus one column of data is 

40 converted into an OFDM modulation symbol. If in this 
case the data suffers an interference on a transmis- 
sion channel, a bulk of series data are damaged, 
which may reduce the error correction capability of 
the receiver section. 

45 FIGURE 6 depicts an example where interleav- 

ings have been executed on the symbols in the hier- 
archical construction. In this case, two consecutive 
data are isolated by a proper distance so as not to be 
adjacent with each other in the two-dimensional ar- 

50 rangement. Even when the interference as above 
arises, the transmission error becomes similar to a 
random error rather than to a burst error, thereby ena- 
bling to prevent worsening the error correction capa- 
bility. 

55 FIGURE 7 gives another example for further op- 

timization of the data restoration. In this case, two 
consecutive data are more isolated by much longer 
distance in the two-dimensional arrangement, by in- 
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terleaving the data by every three units rather than 
every two units. The degree of the optimization may 
be defined in response to the size of the two-dimen- 
sional construction. 

Although the following have been already descri- 
bed before, these interleaving processes are repeat- 
edly conducted only on the same modulation forms, 
as shown in FIGURE 4. This fact, which characterizes 
the present invention, is a factor required to guaran- 
tee the effects. 

Now another embodiment of the transmission 
system according to the present invention will be ex- 
plained hereinafter. The details of the embodiment 
will be also explained in later sections as paragraphed 
by "transmitter" and "receiver". Hereinafter the prin- 
ciple and the effects of this transmission system will 
be discussed in first. 

This embodiment is characterized in that the 
modulation form in lower hierarchical layers makes 
use of the differential encoding method. Although in 
the conventional systems requires the differential en- 
coding in the modulation forms for all the carriers, the 
present invention allows for the differential encoding 
only for such lower hierarchical layers of modulation 
forms (for example, two-phase PSK, QPSK, 8-phase 
PSK, etc.) as can be differentially encoded in due 
consideration of the fact that the higher hierarchical 
layers of multi-valued modulation forms cannot be 
differentially encoded. That implies that specific car- 
riers are modulated in the modulation form that in- 
cludes differential encoding. This operation enables 
the signals in lower hierarchical layers to be demodu- 
lated by the differential detection on the receiver sec- 
tion . Because the d if ferential detection needs not any 
carrier recovering operation, it is less apprehended 
that the reception becomes impossible due to poor 
transmission conditions. Consequently a guaranteed 
minimum reception is given even under any unfavor- 
able receiving conditions. The coherent detection 
made possible by the signals in higher hierarchical 
layers contributes to ensure a higher transmission ca- 
pacity in the multi-valued modulation form thus allow- 
ing for reception of higher quality of information. 

FIGURE 8 illustrates a transmitter section of the 
embodiment according to the present invention. 

The transmission system for the transmitter is 
based on the above-described system according to 
the present invention. 

In FIGURE 8 three hierarchical information data 
are assigned for three input terminals 501, 502 and 
503. These three hierarchical information data are se- 
lectively coupled to their corresponding input termi- 
nals according to clocks for each hierarchical layer as 
output from a timing generator 538. This is because 
the three hierarchical information data have different 
transfer rates due to the different transmission ca- 
pacities among the three hierarchical layers. 

The input information of respective hierarchical 



layers are each converted into a parallel data config- 
uration in serial-parallel (S/P) converters 504, 505 
and 506. For example, the layer employing the QPSK 
modulation is converted into a 2-bit parallel data, 

5 while the layers employing the 16QAM and 64QAM 
modulations are converted into a 4-bit and a 6-bit par- 
allel data, respectively. 

The above description may be understood by re- 
ferring to constellations of respective modulation 

10 forms, like those as shown in FIGURES 14 and 15. 
Further if an 8-phase PSK and a 32QAM are to be em- 
ployed, there are needed techniques of 3-bit and 5-bit 
parallel conversions. 

The parallel data in respective hierarchical layers 

15 are transformed into symbols in the constellation of 
the respective modulation forms at constellation map- 
pers 507, 508 and 509. This transformation is made 
by using read only memories (ROMs) etc. The outputs 
of the constellation mappers 507, 508 and 509 are a 

20 complex signal consisting of an in-phase axis compo- 
nent (I signal) and an quadrature axis component (Q 
signal). The timing generator 538 generates timing 
signals and clocks for use in the respective circuits as 
well as clocks for use in the respective layers, from 

25 clock signals and timing signals. 

The respective complex signals in the respective 
hierarchical layers are then applied into switches 510, 
511 and 512 in the interleaver section. 

The switch 510 supplies its input to random ac- 

30 cess memories (RAMs) 51 3 and 514. The switch 511 
supplies its input to RAMs 515 and 516, while the 
switch 512 supplies its input to RAMs 517 and 518. 
The outputs from the RAMs 51 3 and 514 are supplied 
to a switch 526, while the outputs from the RAMs 515 

35 and 516 are supplied to a switch 527, and also the out- 
puts from the RAMs 517 and 518 are supplied to a 
switch 528. The addresses of the respective memor- 
ies are controlled by the addresses generated at a 
write address generator 529 and a read address gen- 

40 era tor 530. Two RAMs each are provided in the re- 
spective hierarchical layers in order that the write-in 
operation and the read-out operation may be alter- 
nately carried out, but consecutively between them. 
Then the complex signals interleaved in these hi- 

45 erarchical layers are time-adjusted in delay units (Ds) 
531, 532 and 533 in the multiplexer section, and then 
multiplexed sequentially at a multiplexer 536 together 
with the null symbols and the reference symbols for 
synchronization. A differential detector 534 and a de- 

50 lay unit 535 are those intended for conducting the dif- 
ferential encoding which are shown here as an exem- 
plary differential encoding limited to the lowermost 
hierarchical layers. As described above the present 
invention includes also what does not contain the dif- 

55 ferential encoding process. When transmitted with 
differential encoding, the signals in the lower hier- 
archical layers can be demodulated by the differential 
detection at the receiver section. As this transmission 
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does not need any carrier recovering operation, as 
described before, the probability of failing the recep- 
tion of the transmitted signal becomes very low, even 
under unfavorable receiving conditions and makes it 
possible to have guaranteed minimum reception un- 
der poor receiving conditions. 

The multiplexed output is fed to the transmission 
signal processor. FIGURE 10 illustrates the detail of 
this transmission signal processor. The multiplexed 
output is converted at an inverse FFT circuit 541 to be 
output as a time domain waveform for every symbol. 
Then it is inserted a guard period symbol by a guard 
symbol inserter 542 to be output as an RF signal at a 
downstream quadrature modulator 24 and a frequen- 
cy converter 25. Since this processing is the same as 
that in the conventional one, its detailed explanation 
will be omitted for simplicity of explanation. 

Thus, the interleaving is realized in the respective 
modulation forms corresponding to the respective hi- 
erarchical layers. The processing is so designed that 
the signals output from the inter leaver are sequential- 
ly multiplexed with specific carriers modulated in spe- 
cif ic modulation form at the inverse FFT output. 

FIGURE 9 shows another embodiment of trans- 
mitter according to the present invention. 

In FIGURE 9 the transmission system used in the 
embodiment is the same as that of the embodiment 
described above. Like reference numerals denote 
li ke elements or portions in the drawings of the above 
embodiments. Similarly three hierarchical informa- 
tion data are input to the transmitter of FIGURE 9. The 
serial-parallel processing and constellation mapping 
are also the same as these in the above embodiment. 

Then the respective hierarchical layers are mul- 
tiplexed at a multiplexer 601 together with the null 
symbol for synchronization and the reference symbol. 
An output from a switch 602 is input into RAMs 603 
and 604. The outputs from the RAMs 603 and 604 are 
applied to a switch 607. The addresses of the RAMs 
603 and 604 are given through switches 605 and 606, 
respectively. In this inter leaver the interleaving is per- 
formed in conformity with the rule limited to within the 
respective hierarchical layers as above. In the re- 
spective RAMs their address spaces for each hier- 
archical layer are divided, then these divided regions 
are assigned by upper addresses. Hence the ad- 
dresses assigning the hierarchical layers are speci- 
fied in hierarchical address generators 608 and 610 
respectively in their write-in operation and the read- 
out operation. The lower addresses are common to 
the two processing systems that control them at ad- 
dress generators 609 and 611. Furthermore a 
read/write (R/W) switching pulse generator 612 is 
also provided in the interleaver, for supplying 
read/write (R/W) switching pulses to the RAMs and 
the switches. 

In similar to the former embodiment, the output of 
this interleaver is so instructed that the differential 



encoding carried out by the difference calculation is 
applied to the lower hierarchical layers and that 
whether this encoding should be carried out for each 
layer is controlled at a switch 615 and hierarchical 

5 timing generator 616. That is, the output of the switch 
607 is not only directly supplied to the switch 615, but 
also indirectly supplied thereto through the differen- 
tial encoding at a delay unit 61 3 and a differential de- 
tector 614. The switch 615 selects any one of the out- 

w put to supply it to the transmission signal processor. 
The subsequent steps, which are exactly the same 
with the former embodiment, may be omitted. 

FIGURE 11 shows an embodiment of the receiver 
according to the present invention. 

15 In FIGURE 11 the receiver is configured in con- 

formity with the transmission system as discussed 
above according to the present invention. In this de- 
scription any explanation of portions the same in the 
above embodiments will be omitted. As is clear from 

20 a comparison of FIGURE 12 with FIGURE 13, in a re- 
ceived signal demodulator 801 the input RF signal is 
converted into the signal in the frequency domain by 
an FFT circuit 51 after processed the channel selec- 
tion, the quadrature detection and the analog-digital 

25 conversion. Phases and amplitudes of the respective 
OFDM carriers (or I signal and Q signal) can thus be 
obtained. The complex signal output from the FFT cir- 
cuit 51 are executed with an equalizing process and 
then separated for each hierarchical layer at a multi- 

30 plexer 802. The respective layers, which have been 
transferred beforehand with a carrier arrangement 
known in the receiver, can be easily separated. In the 
circuit, as shown in FIGURE 12, the timing generator 
48 affords the clock for the uppermost hierarchical 

35 layer, that for intermediate layer and that for the low- 
ermost layer. 

Next, the complex signal as obtained from the de- 
multiplexer 802 is time-adjusted at delay units 803 
through 805 to be output in the original order of data 

40 from the de interleaver by being oppositely processed 
entirely to the interleaving operation. The output of 
the uppermost hierarchical layer obtained from the 
demultiplexer 802 is input into a switch 811 , while the 
output of the intermediate layer is input in a switch 812 

45 through the delay unit 803. The output of the lower- 
most hierarchical layer is differentially operated at a 
differential detector 808 and a delay unit 807, the out- 
put of which is input into a switch 813. The construc- 
tion of the deinterleaver, being exactly the same with 

50 that in the transmitter section, is comprised of the 
switches 811 through 813, 821 through 829, RAMs 
814 through 819, a write address generator 831 and 
a read address generator 832. 

The outputs of the switches 827, 828 and 829 are 

55 supplied to constellation demappers 841, 842 and 
843, respectively. That is, the deinterleaved complex 
signals having I and Q components in respective hi- 
erarchical layers are converted into parallel data de- 
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pending on the number of bits in the respective layers 
at the demappers 841 through 843. For instance, the 
QPSK signal is converted into the 2-bit parallel signal, 
while the 16QAM signal and the 64QAM signal are 
converted into the 4-bit and the 6-bit parallel signals, 
respectively. These parallel signals are then convert- 
ed to their corresponding serial data at parallel-serial 
(P/S) converters 844 through 846. The clock suited to 
each hierarchical layer is provided from the timing 
generator 48 (see FIGURE 12). 

The differential detector comprised of the differ- 
ential detector 806 and the delay unit 807 is illustrated 
as used only in the lowest hierarchical layer. The pres- 
ent invention is however not limited to the case, but 
covers another configuration in which the differential 
detection is bypassed. Further it is easy to selectively 
employs those configurations appropriately in re- 
sponse to the receiving conditions in this embodi- 
ment. The judgement of the receiving conditions is 
readily realized by observing, for instance, the disper- 
sion of symbols in the constellation in the respective 
hierarchical layers. 

Next, the carrier recovery is achieved by input- 
ting only the modulation form in the lowest hierarchi- 
cal layer into a carrier recovery circuit 52, as shown 
in FIGURE 12. This enables to perform the carrier re- 
covery in the modulation form with the lowest multi- 
valued level which further makes the recovery easier. 

FIGURE 13 represents another embodiment of 
the receiver according to the present invention. 

In FIGURE 13 the receiver is configured in con- 
formity with the transmission system as discussed 
above according to the present invention. In this de- 
scription any explanation of portions the same in the 
above embodiments will be omitted. As is clear from 
a comparison of FIGURE 14 with FIGURE 3, in a re- 
ceived signal demodulator 901 the input RF signal is 
converted into the signal in the frequency domain by 
the FFT circuit 51 after processed the channel selec- 
tion, the quadrature detection and the analog-digital 
conversion. Phases and amplitudes of the respective 
OFDM carriers (or I signal and Q signal) can thus be 
obtained. The complex signal output from the FFT cir- 
cuit 51 are executed with an equalizing process and 
then supplied into a differential detector 911 , a delay 
unit 912 and a switch 913. The differential detector 
911 , the delay unit 912 and the switch 91 8 execute the 
differential detection. The resulted output of the dif- 
ferential detection is then supplied into the switch 
913. The switch 913 is controlled by a hierarchical 
timing generator 914 so that the differential detection 
output can be selectively derived when the signal in 
the lowest hierarchical layer is processed. The output 
from the switch 913 is then supplied into a switch 921 
in the deinterleaver. The deinterleavr, comprised of 
the switch 921 and switches 924 through 926, RAMs 
922 and 923, hierarchical address generators 927 
and 929, a write address generator 928, a read ad- 



dress generator 930, and a read/write switching pulse 
(R/W) generator 931, executes a de interleaving op- 
eration which is opposite to the interleaving operation 
executed in the transmitter section. 

5 The above embodiment of the receiver is differ- 

ent from the former embodiment of the receiver, by 
that a demultiplexer 931 is located after the deinter- 
leaver. As operations in this embodiment are carried 
out in an entirely opposite way to that in the second 

10 embodiment of the transmitter section, its detailed 
explanations will be omitted for simplicity of explan- 
ation. The signals in the respective hierarchical layers 
as obtained from the demultiplexer 931 are supplied 
to constellation demappers 941, 942 and 943 in the 

15 constellation demapper section. That is, the deinter- 
leaved complex signals having I and Q components 
in respective hierarchical layers are converted into 
parallel data depending on the number of bits in the 
respective layers at the demappers 941 through 943. 

20 For instance, the QPSK signal is converted into the 2- 
bit parallel signal, while the 16QAM signal and the 
64QAM signal are converted into the 4-bit and the 6- 
bit parallel signals, respectively. These parallel sig- 
nals are then converted to their corresponding serial 

25 data at the pa rail el -serial (P/S) converters 844 
through 846. The clock suited to each hierarchical lay- 
er is provided from the timing generator 48 (see FIG- 
URE 14). 

The configuration as shown in FIGURE 14 is so 

30 designed that only the complex signal in modulation 
form in the lowest hierarchical layer as separated at 
a switch 950 is supplied to the carrier recovery circuit 
52. This enables to perform the carrier recovery in the 
modulation form with the lowest multi-valued level 

35 which further makes the recovery easier. 

As described above, the present invention can 
provide an extremely preferable transmission system 
which is capable of serving for a stable demodulation 
as well as transmitters and receivers therefor in the 

40 OFDM hierarchical transmission system, even under 
poor receiving conditions. The present invention can 
also provide a transmission system which is capable 
of serving for a stable demodulation of at least lower 
layer of hierarchical information data by using a dif- 

45 ferential detection as well as transmitters and receiv- 
ers therefor. 

While there have been illustrated and described 
what are at present considered to be preferred em- 
bodiments of the present invention, it will be under- 

50 stood by those skilled in the art that various changes 
and modifications may be made, and equivalents 
may be substituted for elements thereof without de- 
parting from the true scope of the present invention. 
In addition, many modifications may be made to 

55 adapt a particular situation or material to the teaching 
of the present invention without departing from the 
central scope thereof. Therefor, it is intended that the 
present invention not be limited to the particular em- 
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bodiment disclosed as the best mode contemplated 
for carrying out the present invention, but that the 
present invention includes all embodiments falling 
within the scope of the appended claims. 

The foregoing description and the drawings are 
regarded by the applicant as including a variety of in- 
dividually inventive concepts, some of which may lie 
partially or wholly outside the scope of some or all of 
the following claims. The fact that the applicant has 
chosen at the time of filing of the present application 
to restrict the claimed scope of protection in accor- 
dance with the following claims is not to be taken as 
a disclaimer or alter native inventive concepts that are 
included in the contents of the application and could 
be defined by claims differing in scope from the fol- 
lowing claims, which different claims may be adopted 
subsequently during prosecution, for example, for the 
purposes of a divisional application. 



Claims 

1. A hierarchical quadrature frequency multiplex 
signal transmission system for transmitting mul- 
tiple layers of hierarchical information data modu- 
lated using a plurality of hierarchically graded 
modulation systems with required C/N ratios dif- 
ferent from each other, characterized in that the 
multiple layers of the hierarchical information 
data are constituted into a frame comprising a 
plurality of symbols of the information data, the 
symbols in a prescribed layer of the hierarchical 
information data having a particular grade mod- 
ulation form are interleaved in both directions of 
the time axis and the frequency axis, and the 
plurality of hierarchically graded modulation 
forms are respectively associated with individual- 
ly predetermined carriers. 

2. A hierarchical quadrature frequency multiplex 
signal transmission system for transmitting mul- 
tiple layers of hierarchical information data modu- 
lated using a plurality of hierarchically graded 
modulation forms with required C/N ratios differ- 
ent from each other, characterized in that the mul- 
tiple layers of the hierarchical information data 
are constituted into a frame comprising a plurality 
of symbols of the information data, the symbols 
in a prescribed layer of the hierarchical informa- 
tion data having a particular grade modulation 
form are interleaved in both directions of the time 
axis and the frequency axis, and the plurality of 
hierarchically graded modulation forms are re- 
spectively associated with individually predeter- 
mined carriers, and wherein at least one of the 
modulation forms is differentially encoded. 

3. A hierarchical quadrature frequency multiplex 



signal transmission system as claimed in claim 1 , 
characterized in that the plurality of hierarchically 
graded modulation forms include a QPSK modu- 
lation, a 16QAM modulation and a 64QAM mod- 
5 ulation. 

4. A hierarchical quadrature frequency multiplex 
signal transmission system as claimed in claim 2, 
characterized in that the plurality of hierarchically 
10 graded modulation forms include a QPSK modu- 

lation, a 16QAM modulation and a 64QAM mod- 
ulation, and wherein the QPSK modulation is dif- 
ferentially encoded. 

15 5. A hierarchical quadrature frequency multiplex 
signal transmission apparatus comprising: 

means for producing a plurality of modulat- 
ed signals in which multiple layers of hierarchical 
information data are associated with a plurality of 

20 hierarchically graded modulation forms respec- 

tively conveying required C/N ratios: 

means, in a frame constituted by symbols 
of the multiple layers of the hierarchical informa- 
tion data, for interleaving the symbols in a pre- 

25 scribed layer of the hierarchical information data 

associated with a particular grade modulation 
form in both directions of the time axis and the 
frequency axis; and 

means for performing an inverse Fourier 

30 transform on every symbol, by allocating a plur- 

ality of hierarchically graded modulation forms to 
respective predetermined carriers. 

6. A hierarchical quadrature frequency multiplex 
35 signal transmission apparatus comprising: 

means for producing a plurality of modulat- 
ed signals in which multiple layers of hierarchical 
information data are associated with a plurality of 
hierarchically graded modulation forms respec- 
40 tively conveying required C/N ratios: 

means, in a frame constituted by symbols 
of the multiple layers of the hierarchical informa- 
tion data, for Interleaving the symbols in a pre- 
scribed layer of the hierarchical information data 
45 associated with a particular grade modulation 

form in both directions of the time axis and the 
frequency axis; and 

means for performing an inverse Fourier 
transform on every symbol, by allocating a plur- 
50 ality of hierarchically graded modulation forms to 

respective predetermined carriers, 

and wherein at least one of the of the hier- 
archically graded modulation forms is differen- 
tially encoded. 

55 

7. An quadrature frequency multiplex signal trans- 
mission apparatus as claimed in claim 6, charac- 
terized in that the differential encoding is associ- 
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ated to the lowest grade hierarchical modulation 
form. 

8. A hierarchical quadrature frequency multiplex 
signal receiving apparatus, comprising: 5 

means for receiving to demodulate signals 
transmitted by means of hierarchical quadrature 
frequency multiplex signal transmission system 
for transmitting multiple layers of hierarchical in- 
formation data modulated using a plurality of hi- 10 
erarchically graded modulation forms with re- 
quired C/N ratios different from each other, char- 
acterized in that the multiple layers of the hier- 
archical information data are constituted into a 
frame comprising a plurality of symbols of the in- 15 
formation data, the symbols in a respective layer 
of the hierarchical information data having a par- 
ticular grade modulation form are interleaved in 
both directions of the time axis and the frequency 
axis, and the plurality of hierarchically graded 20 
modulation forms are respectively associated 
with individually predetermined carriers; 

means for performing a Fourier transform 
for every symbols of the demodulated output; 

means for recovering carriers using the 25 
Fourier transform output of a particular carrier al- 
located to the lowest hierarchical modulation 
form among the plural modulation forms; 

means for coherently detecting signals as- 
sociated with all of the hierarchically graded mod- 30 
ulation forms using the recovered carriers; 

means for reconstructing the detected sig- 
nals into a frame composed of a plurality of sym- 
bols; 

means for deinterleaving frame symbols 35 
in a prescribed layer of the hierarchical informa- 
tion data having a particular grade modulation 
form in both directions of the time axis and the 
frequency axis; and 

means for recovering a plurality of hier- 40 
archical information data from the respective dif- 
fering modulation forms with required C/N ratios 
different from each other. 

9. A hierarchical quadrature frequency multiplex 45 
signal receiving apparatus, comprising: 

means for receiving to demodulate signals 
transmitted by means of hierarchical quadrature 
frequency multiplex signal transmission system 
for transmitting multiple layers of hierarchical in- 50 
formation data modulated using a plurality of hi- 
erarchically graded modulation forms with re- 
quired C/N ratios different from each other, char- 
acterized in that the multiple layers of the hier- 
archical information data are constituted into a 55 
frame comprising a plurality of symbols of the in- 
formation data, the symbols in a respective layer 
of the hierarchical information data having a par- 



ticular grade modulation form are interleaved in 
both directions of the time axis and the frequency 
axis, and the plurality of hierarchically graded 
modulation forms are respectively associated 
with individually predetermined carriers; 

means for performing a Fourier transform 
for every symbols of the demodulated output; 

means for recovering carriers using the 
Fourier transform output of a particular carrier al- 
located to the lowest hierarchical modulation 
form among the plural modulation forms; 

means for reconstructing the detected sig- 
nals into a frame composed of a plurality of sym- 
bols; 

means for coherently detecting signals as- 
sociated with the hierarchically graded modula- 
tion forms other than the lowest grade modulation 
form using the recovered carriers; 

means for demodulating signals associat- 
ed with the lowest grade modulation form by 
means of a differential detection; 

means for deinterleaving frame symbols 
in a prescribed layer of the hierarchical informa- 
tion data having a particular grade modulation 
form in both directions of the time axis and the 
frequency axis; and 

means for recovering a plurality of hier- 
archical information data from the respective dif- 
fering modulation forms with required C/N ratios 
different from each other. 

10. A hierarchical quadrature frequency multiplex 
signal transmission system, characterized in that 
in a frame plotted its time axis and frequency axis 
with symbols and carriers, respectively, a set of 
carrier regions associated with the lowest grade, 
an intermediate grade and the highest grade hi- 
erarchical modulation forms is repeatedly ar- 
ranged in the frequency axis of the frame, as well 
as the carriers being allocated with a plurality of 
hierarchical information data, and the hierarchi- 
cal information data in a prescribed layer associ- 
ated with a particular grade modulation form are 
interleaved in both directions of the time axis and 
the frequency axis, and data associated with the 
lowest grade modulation form are differentially 
encoded. 

11. A hierarchical quadrature frequency multiplex 
signal transmission system as claimed in claim 
1 0, characterized in that the plurality of hierarch- 
ical information data are signals differentiated 
their degrees of importance in originated from 
different signal sources. 

12. A hierarchical quadrature frequency multiplex 
signal transmission system as claimed in claim 
1 0, characterized in that the plurality of hierarch- 
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ical information data are signals differentiated 
their degrees of importance by hierarchically as- 
sorted the signals originated from a single signal 
source. 
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